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Introduction
The main concern of the next-generation wireless networks (NGWN/4G) is the integration of heterogeneous wireless technologies. This integration invokes some challenges, such as handover decision making and mobility management. Provisioning of seamless handover is one of the key topics in NGWN/4G. Vertical handover decisions evaluate candidate NAPs based on different standards. Making a suitable handover decision according to different standard based parameters of NAPs in heterogeneous wireless networks is worth researching. Whether roaming or handover is occurring, situations where target NAPs are overloaded and cause failure of the handover procedure happen easily in homogeneous wireless networks. But the failure will not easily occur in heterogeneous works because some heterogeneous NAPs have the same coverage areas, which we can be implemented to balance the load among the NAPs. Obviously if we do not consider the load balance of target NAPs, it will cause some NAPs that offer good channel conditions to overload. We should take account of the load balance in the handover decision mechanism. Every NAP has different capabilities of MN velocity and RSS (received signal strength) in heterogeneous wireless networks. For example, IEEE 802.11 NAPs only can accept human walk speed, whereas 3G can accept cars moving on highways. Consequently, there is a need to consider the velocity requirements and RSS. To obtain system loading balance and to avoid failures caused by MN handovers to NAPs with lower velocity capabilities and weaker RSS requirements, we present the FUzzy Normalization -HandOver Decision Strategy algorithm (FUN-HODS). We apply the characteristics of fuzzy normalization to handover decisions to solve questions of parameter comparison and preprocessing. We make vertical handover decisions as simple as horizontal decisions.
Section 2 introduces related work, and acquaints readers with how fuzzy theory is applied in handovers. The application of FUN-HODS in heterogeneous wireless networks will be discussed in detail in Section 3. Section 4 presents a simulation of FUN-HODS and a traditional fuzzy algorithm. The simulation results verify FUN-HODS efficiency. Finally, conclusions are stated in Section 5.
Interworking architecture for NGWN
In order to satisfy seamless mobility in heterogeneous wireless network, we need a heterogeneous mobile integrated architecture in Figure 1 . Which utilizes MIH in mobility management protocol. [2] In the following further details on this architecture are provided. The Mobile Node (MN) has IEEE802.11/WiFi, WiMAX and E-UTRAN (contain 3G) network interfaces, which support MIHF and mobility. The Correspondent Node (CN) has IEEE 802.3 network interfaces without MIHF and mobility. Moreover, a number of various access networks, such as IEEE802.11/WiFi, WiMAX and E-UTRAN, are connected to a common core network (the EPC) based on IP technology through different interfaces. All 3GPP networks are connected through the serving gateway 1 (S-GW1), and all non-3GPP networks are connected through the S-GW2. Different paths also are used in the case of IEEE802.11/WiFi and WiMAX. A WiMAX network is considered trusted non-3GPP accesses and directly connected to the S-GW2. On the other hand, a IEEE802.11/WiFi network is considered as distrusted access connects to the evolved packet data gateway (ePDG) and then to the S-GW2. For E-UTRAN, the S-GW1 is directly connected to it. The Mobility Management Entity (MME) is incorporated in the architecture for handling control functions such as authentication, security, and mobility. For distrusted non-3GPP accesses, the ePDG secures the access of the MN to the EPC by means of an IPSec tunnel between itself and the MN. All data paths from the access networks are combined at the P-GW, which incorporates functionality such as packet filtering, QoS policing, interception, charging, and IP address allocation, and routes traffic control. Besides, EPC also contains network control entities for keeping user subscription information (home subscriber server [HSS]), determining the identity and privileges of a user and tracking his/her activities (authentication, authorization, and accounting [AAA] server), and enforcing charging and QoS policies through a policy and charging rules function (PCRF). In order to achieve seamless handover of the architecture, extra functionality is needed in the network elements, based on the IEEE 802.21 protocol. The MIH functionality placed at the mobile node (MN), the wireless accesses networks (MIH PoSs), and the operator's IP network (MIIS server). 
Vertical Handover
There are descriptions about varied handovers presented in [3-8, 10, 30] . According to network type, handovers can be classified as horizontal handovers and vertical handovers. In this paper we emphasize the importance of vertical handovers and handover management. Handover procedures consist of three phases: handover detection, handover decision and handover execution. In handover detection, we need to collect some handover parameters (e.g., RSS, system loading, velocity and latency, etc.) about the NAPs of candidate networks. Our methodology, FUN-HODS, considers three parameters, RSS, loading and velocity, in heterogeneous wireless networks.
Fuzzy System Applied to Handover Decisions
Fuzzy systems are one of the most popular methods for processing imprecise values. In [9] - [29] various fuzzy systems applied in handover decisions are presented. In Figure 2 , the role of the fuzzifier in a fuzzy system is to convert a crisp input variable into a fuzzy set that is ready to be processed by the inference engine. The inference engine, using the fuzzifier inputs and the if-then rules stored in the rule base, processes the incoming data and produces a fuzzy output. The defuzzifier converts fuzzy variables to crisp variables. In traditional fuzzy systems applied to heterogeneous wireless network handover decisions, we can understand the merit of traditional fuzzy algorithms. We will present some traditional fuzzy algorithms in handover decisions and present improvements to these algorithms in the following discussion. In Majlesi and Khalaj [11] , the author makes use of the Doppler frequency and a fuzzy logic system in the handover decision algorithm called the Adaptive Fuzzy Logic Based Handover Algorithm for Hybrid Networks. As you can see in Figure 3 , the initial process proceeds from Measurement through Averaging to Start Handover. The author considers the Doppler frequency in Averaging. When Averaging compares the MN speed, which it gets in Measurements, if the MN speed is higher, Start Handover will decrease trigger handover times to avoid handover delay, or else Start Handover would increase trigger handover times to get more suitable networks. MN speed and Traffic of WLAN (TRw) would transfer HYSw and HYSm by fuzzy logic. The algorithm does not consider MN speed compatibility to NAPs with different wireless technologies, so when the MN speed is higher than the MN speed compatibility of the WLAN NAP, the handover will fail. The algorithm also does not consider system loading and complex preprocessing. System loading overload will lead to a handover fail.
The author presents the multi-criteria decision-making (MCDM) concept in [12] . It uses a different threshold in every network technology of a heterogeneous network. We should give a handover decision criterion for every network technology of a heterogeneous network. In Figure 4 MCDM uses a fuzzy logic system and a muti-input single output (MISO) method to simplify the handover decision complexity. There are signal strength (SS), network load (NL), network cost (NC) and bandwidth requirements (BR) used to in the fuzzifier of the MCDM method. He uses fuzzy logic to transform different parameters into parameters that can be compared across different network technologies. The algorithm in [11] did not use a normalization of the fuzzy logic system to normalize the parameters of the heterogeneous wireless network. The algorithm in [12] does not have the preprocessing step and parameter normalization of heterogeneous wireless networks. These two algorithms can actually be improved through the use of fuzzy normalization.
FUN-HODS
There are several types of main wireless technologies, including 3G, IEEE 802.11 and WiMAX, in the present wireless network trends. We use some important and significant parameters, including the RSS, velocity of MN (velocity), the system loading of an NAP (loading). We aspire to balance the system load of every system for all internet service providers (ISPs). In heterogeneous wireless networks, there are different velocity capabilities of MN velocity; for example, the normal MN velocity for communications of IEEE 802.11 is slower than that of GSM. So, we can't only consider receive signal strength as the basis in the heterogeneous wireless network, we should consider the MN velocity compatibility of different networks as well. We present the FUN-HODS algorithm, which includes three main components as shown in Figure 5 . They are Environment Information Obtain, Fuzzy Normalization, Handover Decision Strategy and Handover execution. The first part is Information Obtain, which involves the collection of the environmental information that is needed to obtain fuzzy normalization and make a handover decision. In this part, we collect the system loading of the candidate NAP, the MN velocity capability of the candidate NAP, and the RSS between the candidate NAP and the MN; then we put non-process information into a FUzzy Normalization (FUN). FUN gives loading, velocity, and RSS different member functions to fulfill parameter normalization and implements a defuzzifier according to fuzzy logic if-then rules. Then it generates the rank of the NAPs to choose the suitable NAP in the handover decision.
Fuzzy normalization of FUN-HODS is not constrained by a particular wireless network technology or by particular parameters, so we use 3G, IEEE 802.11, and WiMAX. Parameter preprocessing of fuzzy normalization has many advantages. It can deal with parameters of different network technologies and allow for the comparison of parameters of different network technologies. The normalization parameter is a relativity standard parameter and a handover decision does not need to consider the parameter diversity.
Figure 5. FUN-HODS
The second advantage is that the design can be applied to any mobile management of heterogeneous wireless networks. The procedure of the normalization is not confined to some particular wireless network technology, even if the network is not 3G, IEEE 802.11 or WiMAX, as long as the required parameters can be established. FUN-HODS can be applied to other heterogeneous wireless network environments. The third advantage of this methodology is portability and capability. It can filter unsuitable candidate NAPs in the fuzzy normalization procedure, reduce handover decision complexity and increase efficiency. Section 3 will be divided into two parts: an introduction to fuzzy normalization of FUN-HODS in section 3.1, and an explanation of how HODS makes handover decisions in section 3.2.
FUzzy Normalization (FUN)
We introduced the concept of fuzzy system logic in Section 2.3.1, in this section we will show how to carry out normalization of the fuzzy logic system. From Figure 2 , we know the three parts of the fuzzy system. Those are the input parameter the fuzzifier, inference engine and fuzzy rule, and the defuzzifier output parameter. 
Fuzzifier
We assume 3G, IEEE 802.11 and WiMAX are the available systems in our heterogeneous wireless network integration environment. We use fuzzy normalization to normalize the handover decision parameter. In Section III we described how our handover decision would focus on system loading of NAPs, RSS, and velocity of the MN. Figure 6 shows all the fuzzifiers that include 3G, IEEE 802.11, and WiMAX input parameters. After confirming the parameters that the fuzzifier needs, we should, according to the character of the different wireless network technologies, give a suitable fuzzy set. One can determine the fuzzy set of different wireless network technologies with different ownership membership functions from Figure 7-9. As for the RSS parameter in Figure 7 , the RSS threshold of each wireless network technology is different, so we must set up a fuzzy set for each wireless network technology. Figure 8 shows the fuzzifier for the velocity parameter. From it we can determine the MN velocity compatibility of a wireless network, and the suitable fuzzy set that we offer. Figure 9 shows the fuzzy logic for the loading parameter. Loading is measured as a percent (a relative value) for all of the network systems. So, the fuzzy set of different networks is the same, in fact, because system loading is a parameter that can be compared directly for each network.
Consider a MN that is moving out of the range of a WiMAX NAP, and it obtains a new WiMAX RSS value between -155 dBm and -125 dBm. At the same time, the MN gets a 3G RSS value that is higher than -100 dBm and an IEEE 802.11 RSS value that is lower than -105 dBm. The MN can't direct compare to decide which should be the target NAP. If the handover goes to the 3G NAP after direct comparison of RSS, handover may not fail, but if the handover goes to the IEEE 802.11 NAP, the handover must fail because the RSS drop down. The fuzzifier in this process will give the WiMAX RSS a low grade, the IEEE 802.11 RSS gets a low grade, and the 3G RSS gets a high grade. The MN will choose the 3G NAP with the high grade, to avoid choosing the IEEE 802.11 NAP with the low grade. 
Fuzzy Rule Base, Inference Engine and Defuzzifier
After the fuzzifier procedure, all parameters are distinguished in the fuzzy sets. The same type parameters of different wireless networks can be directly compared after the fuzzifier procedure, because the parameters will be normalized to the same comparison base. The fuzzifier just processes the parameters of different wireless networks to directly compare them, then the inference engine references the rules of the fuzzy rule base to infer a result. The inference engine is based on the if-then rules defined as listed in Table 1 . We will estimate the RSS, velocity, and loading parameters in every NAP. Every parameter has high, medium and low subsets, so there are 27 rules in the fuzzy rule base. Due to experience requirements of the system subscriber and repeated simulations, we can simplify this to 14 rules. Finally, according to the fuzzy rules we divide the quality into five ranks. We do simple quantification in the defuzzifier. Figure 10 . Handover decision strategy.
HandOver Decision Strategy (HODS)
After the fuzzy normalization, every estimated NAP would get a rank value, this value distributed in subset of defuzzifier, and then we take the NAP with the best rank subset of the defuzzifier. That can filter out unsuitable NAPs that have low RSS, who could not satisfy the MN velocity requirement, or whose loading is too heavy. The above situations will be filtered out after fuzzy normalization.
In Figure 10 , after the fuzzy normalization, all NAPs have a rank value. The handover decision first preserves the NAPs that have the best rank. Then, handover decision considers user preference. If user didn't assign a wireless technology, the handover decision would judge whether the NAP number is 0, 1, or more. If number is 0, decision would go back to the environment information obtained. If the NAP number is 1, the decision would choose the NAP to execute handover procedure. If NAP number is neither 0 nor 1, the handover decision would randomly choose a NAP to execute the handover procedure.
If the user assigned a particular network technology, the decision would look for NAPs of the particular network in the best subset and judge the NAP number. If the number is 1, the decision would directly execute the handover procedure. If the NAP number neither 0 nor 1, the handover decision would randomly choose an NAP to execute the handover procedure. If the number is 0, the decision would go to the user none assigned procedure to decide on a NAP and avoid handover fail. 
Simulation

Simulation Environment
We assume that 3G, WiMAX, and IEEE 802.11 are the heterogeneous wireless network environments in our algorithm. As shown in Figure 11 , a WiMAX NAP, two 3G NAPs, and eighteen IEEE 802.11 NAPs make up the simulation environment. Figure 11 also shows NAP positions and MN movement direction clearly. We allocate 50 MNs, and every MN would set its initial location, movement direction, movement velocity, and loading of NAPs at random. The FUN-HODS algorithm needs the parameters and values we used in Section 3. It applies real-world needs to optimize testing and to get the best value. We will carry out the simulation for 100 seconds in the environment described above, and we will take a sample once every 20 seconds. Five samples (we show three figures) are selected as to check the system loading of the NAPs, and after the simulation finishes we calculate the handover fail probability. The handover fail probability is the number of handover fails divided by the number of times the handover was executed. The handover fail in this simulated environment in our paper only considers overload, too high velocity and too weak RSS in NAPs; we do not care about the other factors that cause handover fail. The following charts are the results of 10 simulations according to the above-mentioned procedure.
The simulation results in Table 2 proves that the FUN-HODS algorithm can get better loading balance and that it is possible for MNs to satisfy their requests and make each NAP loading amount 20%. Figure 12 -14 indicate data of T0, T40 and T100 (unit: second), respectively. We can see that the NAP system loading of the FUN-HODS algorithm are 20% in Figure 12-14 ; even the highest NAP system loading is only 36%. But, for the traditional fuzzy algorithm, some NAPs are loaded at 100% and some at 0%. So, we can prove that for a simulation executed in a certain time, the NAP system loading of the FUN-HODS algorithm is more balanced than the NAP system loading of the traditional fuzzy algorithm. The MN movement velocity is random in the simulation system in Table 3 . We can see that the handover fail probability in the FUN-HODS algorithm is lower than handover fail probability in the traditional fuzzy algorithm when each MN has random velocity. In Table 4 , we assigned every MN movement a velocity between 20 and 118 km/h and increase the velocity by 2 km/h for every next MN. Table 2 . System loading (%) for fuzzy normalization (FUN-HODS) and a traditional fuzzy algorithm 
Simulation Result
We can see that the handover fail probability in the FUN-HODS algorithm is also lower than the handover fail probability for a traditional fuzzy algorithm; when the velocity is below 70 km/h, FUN-HODS almost avoids handover fail (handover fail probability is 0%), but the traditional algorithm has a 7%-40% handover fail probability. When the velocity is between 70 to 100 km/h, FUN-HODS only has a 15%-50% handover fail probability, but the traditional algorithm has a 79%-99% handover fail probability. In this velocity interval, FUN-HODS demonstrate a decreased handover fail probability than a traditional fuzzy algorithm. When velocity is over 100 km/h, the NAP cannot accept the MN velocity, and both algorithms cannot decrease the handover fail probability. We can clearly know that when the velocity is below 100 km/h FUN-HODS has a lower handover fail probability than a traditional algorithm. 
Conclusions and future work
We propose the FUN-HODS algorithm to process the handover decision in heterogeneous wireless networks. Fuzzy normalization not only includes the advantage of imprecise data dealing, but also enables the comparison of different parameters in heterogeneous networks. It can make choosing a NAP easier and raise performance. After several simulations, we modify the inference engine values and change the fuzzy rule base to find the most efficient decision. At last, it proves that the FUN-HODS algorithm can balance system loading and decrease handover failure due to velocity and weak RSS. In the future, we would like to construct robust a quantification for the defuzzifier of the FUN-HODS algorithm. If the system subscriber has special demand, we can adjust the weight of the parameters flexibly with quantification in the defuzzifier. We should also consider in more detail QoS issues in FUN-HODS and cooperate with appropriate handover execution to perfect the whole handover procedure. Table 3 . Handover fails for fuzzy normalization (FUN-HODS) and a traditional fuzzy algorithm (random velocity).
